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1. Introduction 
Epithelial cells of small intestine offer a unique 
system for the study of differentiation of eukaryotic 
cells (see [ 11). Cells of different maturity levels can 
now be prepared by a gentle washing of the mucosa, 
cells being eluted in the order of decreasing differen- 
tiation [2]. By use ofthis technique interesting results 
have been obtained concerning the activity of some 
rat glycosyltransferases during differentiation [3]. 
Cell-surface carbohydrates exist in two forms, 
glycoproteins and glycolipids. Developmental changes 
have been found for both classes of substance [4,5], 
but no solid information has yet been obtained to 
prove the functional importance of surface carbo- 
hydrates [6]. 
A relatively high fucolipid content has been shown 
in whole small intestine of man [7]. Immunofluores- 
cence studies on dog small intestine further indicated 
that Leb-like activity (based on fucolipid) was associated 
with epithclial cells, while Forssman activity was 
found in lamina propria [8]. Interesting differences in 
lipophilic components of these two glycolipids were 
later shown by mass spectrometry [9]. 
The purpose of the present investigation was to 
define the general glycolipid composition of epithelial 
cells (mucosa scraping) compared with the intestinal 
wall (residue after mucosa scraping), a prerequisite for 
a more detailed and laborious study on epithelial cells 
fractionated according to the level of maturity [ 1,2]. 
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2. Material and methods 
Small intestine (jejunum and ileum) of a 3 I-year- 
old blood group A human male was obtained at 
autopsy. The intestine was slit longitudinally and 
rinsed gently with tap water. The mucosa was prepared 
by scraping with a spoon along the whole intestine. 
The mucosa preparation and the rest of the intestine 
were then lyophilized and extracted in two steps 
with chloroforn~niethanol in a Soxhlet apparatus, 
one day with 3: 1 (v/v) and one day with 1:9 (v/v). 
The combined extracts were subjected to mild alkaline 
degradation, dialysis, DEAE-cellulose and silicic acid 
chromatography as in [IO]. To obtain a pure non- 
acid glycolipid fraction free of contaminants, acetyla- 
tion, silicic acid chromatography and deacetylation 
were used [ 11 J. The total non-acid glycolipid frac- 
tion from the residue after scraping was further 
fractionated into groups of glycolipids by successive 
elution with increasing proportions of methanol in 
chloroform from a silicic acid column. These fractions 
were analyzed by direct inlet mass spectrometry as 
in [ 121. A slow-moving major glycolipid with 5 sugars 
was isolated by column and preparative thin-layer 
chromatography and analy/.ed by mass spectromctry 
and NMR spectroscopy [13]. 
3. Results 
The yields of glycolipids of the two tissues are 
collected in table 1, and thin-layer chromatogram of 
acid and non-acid glycolipids is shown in fig.1. The 
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Table 1 
Quantitative data for the preparation of glycosphingolipids of small intestine of man 
May 1979 
Tissue Dry wt 
(Z) 
Total non-acid Crude acid 
glycolipids glycolipids 
(In&) (m&/g) 
Purified penta- 
glycosylceramide 
(ma) 
Mucosa scraping 
Remaining tissue 
after scraping 
I 4.7 5.2 8 
100 1.9 2.1 21 
number of sugars of the non-acid glycolipids as indi- 
cated in the margin of the chromatogram was obtained 
by mass spectrometry of methylated and methylated- 
reduced derivatives [ 121. The monoglycosylceramides 
were mainly galactosylceramides with only small 
amounts of glucosylceramides, as shown by thin- 
layer chromatography on a borate-containing layer 
[ 141. The di-, tri- and tetra-glycosylceramides were 
In MU In MU 
Non -Acid Acid 
CS 
su Iph 
dihexosylceramides, trihexosylceramides and globoside, 
respectively. 
The isolated pentaglycosylceramide produced mass 
spectra that were identical with the spectra of a 
Lea-active pentaglycosylceramide characterized in 
[ 71. In NMR spectra of the 2 derivatives, 5 anomeric 
protons were identified [ 131, 1 CY and 4 p resonances. 
The chemical shift of 5 .O ppm is specific for 1+4-linked 
cu-fucose and differs from a-fucose in 1+2- or l-+3- 
linkage. In a type 1 chain (Gall+3GlcNAc) but not in 
a type 2 chain (Gall+4GlcNAc) the PGal signal 
increases its chemical shift upon reduction due to a 
deshielding from the vicinal amine. In fig.2, middle 
and below, the /3 resonance admixed to the (YFUC signal 
at 5 .O ppm is therefore evidence for a type 1 chain 
[ 131. The Lea activity (liposomes of 2 pg glycolipid, 
50 pg sphingomyelin, 50 pg lecithin and 25 pg 
cholesterol per ml inhibited completely a 4t hemag- 
glutination reaction by an equal volume of goat anti- 
serum (Behring) diluted 1:4) is further evidence that 
the glycolipid is identical with the glycolipid earlier 
Fig.1. Thin-layer chromatogram of non-acid and crude acid 
glycosphingolinids of a mucosa scraping (Mu) and whole 
intestine ;,fter nii. _ ;;a scraping (In). The amounts applied 
were for (In) one part and for (Mu) two parts out of 2000. 
The figures to the left of the non-acid intestinal fraction indi- 
catc the number of sugars present in the glycolipids. The 
designations to the right mean cholesterol sulphate (C‘S) and 
sulphatides (Sulph). In the non-acid fractions, all bands were 
coloured green, and were therefore glycolipids. In the acid 
fractions, cholesterol sulphate was coloured blue-violet, and 
sulphatides (double-band) and most of the slow-moving bands 
(gangliosides) were coloured green. A 0.15 mm layer of silica 
gel G (Fluka AG, Buchs, Switzerland) was coated on 20X 20 cm 
glass plates. Chloroform-methanol-water 60: 35 : 8 (v/v/v) 
was used as solvent and the anisaldehyde reagent (see [lo]) 
for the detection. 
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Fig.2. Top: NMR spectrum of permcthylated Lea active 
pentaglycosylceramide, 2 mg in 0.5 ml chloroform, 
1100 pulses at 40°C. ,Middle and bottom: Spectra of per- 
methylated-reduced Lea-active pentaglycosylceramidc, 2 mg 
in 0.5 ml chloroform, 600 pulses at 26°C (middle) and 
1000 pulses at 40°C (bottom). The two temperatures were 
used to improve interpretation [ 131. 
characterized by us and having the structure 
Gal~l+3GlcNAc(4+-laFuc)~l+3Gal/3l+4Glcl+lCer 
[71. 
The more slow-moving material has not yet been 
analyzed in detail, but the 9-sugar glycolipid is 
probably also a Lea-type glycolipid. Interestingly, 
blood group A-type glycolipids with 6 and 7 sugars, 
identified before in the small intestine of man [ 15 ,I 61, 
are apparently lacking and blood group A activity 
existed only below the 9-sugar band. 
As shown in fig.1 for the non-acid glycolipids, the 
mucosa preparation practically lacked glycolipids with 
24 sugars. Mass spectra of the partially purified frac- 
tions from the intestinal residue after scraping showed 
that these glycolipids (2-4 sugars) contained only 
sphingosine (dihydroxy base) and non-hydroxy fatty 
acids. Glycolipids with 1 and with > 5 sugars con- 
tained, however, mostly phytosphingosine (trihy- 
droxy base) and exclusively 2-hydroxy fatty acids. 
This clearly indicates a difference in ceramide struc- 
ture between epithelial cells and nonepithelial tissue 
of small intestine, the more hydroxylated ceramides 
being confined to the epithelial cells. This is in sup- 
port of our earlier results from dog intestine [9]. 
These findings and the probable content in the 
mucosa scraping of cells primarily from the villus tip, 
make it very likely that only a part (-25% as judged 
from the plate in fig.1 and from table 1) of the 
mucosa cells was scraped off, the remaining part 
being included in the residue after scraping. Glyco- 
lipids with 1 sugar and with > 4 sugars are therefore 
probably exclusively located in the cpithelial cells. 
The major glycolipid of the crude acid fraction of 
mucosa was identified as sulphatides (ceramide 
galactose 3-sulphate). As for the blood group sub- 
stances, sulphatidcs are most probably located in the 
epithelial cells. Gangliosides, on the other hand, are 
apparently more concentrated in the non-mucosa 
(see also [ 171). The band moving just before sulpha- 
tides (see indication in fig.1) was probably cholesterol 
sulphate, identified earlier in large amounts in starfish 
tissues [ 181. 
4. Discussion 
The present results show that small intestinal 
glycolipids with 1 sugar (galactosylceramides and 
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sulphatides) and with > 4 sugars (blood group glyco- 
lipids) are probably exclusively located in the epithelial 
cells, and that di-, tri- and tetra-glycosylceramides, and 
most of the ganghosides, are present in the non- 
mucosa. The two tissue compartments are further 
characteristically different in their ceramide composi- 
tion, the more hydroxylated ceramides being parts of 
the epithelial glycolipids. A hypothesis, based on 
lateral hydrogen bonding, for the functional signifi- 
cance (membrane stability) of this ceramide difference 
has been put forward [ 191. 
The finding of sulphatides as one of the major 
glycolipids in epithelial cells of small intestine is not 
unexpected, as these cells have a high level of Na* 
transport [20], and we have shown before a stoichio- 
metric relation of this lipid and Na’-K’-dependent 
ATPase (see [ 191). A specific role for sulphatides as a 
K’ receptor has been postulated [ 191. 
The large amounts of blood group glycosphingo- 
lipids in epithelial cells of human small intestine, as 
shown here and in [7], are difficult to explain. Future 
studies may show if these rapidly renewing cells [ 1 ] 
with a large-surface contact with foreign substances 
and with a variety of microorganisms have a special 
need for self- and non-self discrimination mechanisms, 
of which glycolipids are a part. 
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